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Study on Flameout Characteristics of Coaxial Jet Flame with Hetero-type Edge
Lobe Mixer in Air Turbo Rocket Engine Combustor
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Abstract: The primary function of an Air Turbo Rocket (ATR) engine combustor is to
achieve efficient combustion between the fuel-rich combustion products in the core flow
and the bypass fresh air. The hetero-type edge lobe mixer achieves an integrated design for
mixing and flame stabilization by creating multi-source vortex structures in the combustor,
which can effectively reduce combustor length and improve the engine's thrust-to-weight
ratio. This paper experimentally investigates the flameout characteristics of coaxial jet
flames in ATR engines equipped with hetero-type edge lobe mixers, establishing flameout
boundaries and analyzing flame dynamic behavior near flameout conditions through
experimental studies. The research findings indicate: 1. As the airflow velocity
progressively increases, the blowout velocity of the combustor demonstrates a gradual
decrease, while the weak extinction equivalence ratio shows a trend of first decreasing and
then increasing. 2. Compared to the basic lobe mixer, adding sawteeth to the mixer edge
expands the blowout velocity and the weak extinction equivalence ratio by an average of
21.9% and 35.5%, respectively. 3. Increasing the incidence angle and height of the lobe
mixer sawtooth trailing edge structure can enhance flame stability in the combustor. 4. The
oscillation pattern of the lobe mixed coaxial jet flame is primarily characterized by
low-frequency oscillations coupling pressure and heat release, with high-frequency
wavelets superimposed on these low-frequency oscillations. Near blowout conditions,

flame stratification oscillations occur with a peak frequency of 30 Hz and approximately

15 Hz bandwidth.

Key words: ATR engine; Lobe mixer; Sawtooth trailing edge; Flameout characteristic; Flame dynamic

characteristics
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Fig. 2 Diagram of experiment and measurement

system of lobe mixed coaxial jet flame
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Fig. 3 Lobe mixed coaxial jet combustor
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Fig. 4 Schematic diagram of hetero-type edge

lobe mixer assembly in combustor
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Fig. 5 Hetero-type edge lobe mixer
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Table 1 Structural parameters of basic lobe mixer
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Table 2 Structural parameters of sawtooth
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Fig. 6 Parameter schematics of sawtooth
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Table 3 Experimental conditions of blowout

velocity limits and weak extinction limits
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(a) Lobe mixer model

(b) Sawtooth installation angle
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Fig. 7 Lobe mixed coaxial jet flame under

steady conditions
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blowout conditions
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Fig. 9 OH*-CL instantaneous images of lobe mixed

coaxial jet flame near blowout conditions
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Table 5 Average widening ratio of blowout
velocity limits for different hetero-type edge lobe
mixers compared to the basic lobe mixer

PG R BEIE T

A B C {H

W T8
WA 13.0 171 356 21.9
el £ /%

*5RY, JEh AL N B, #5 C AR
xR G 2 1) K TR R R A R A
Iy AAETE 13% 17.1%F1 35.6%.

FEE 10 H, XFECEE G A FIEELG B IKE
W LVEH, EARBXIERN, Z25M5T
WRKETELBE () 5 M AN TR 1R o 24 ik &2 X TR 7R
400~700 SLM Z [A]R}, MRS s B ek, 1
Kzl Uasid et SmBiE, = katk
TR R A v K A B WK T S . M MR R A
800~1000 SLM [X [A]H}, b 0 i A5 v »
WK 228 o R R S H TR ZE L3 K
PH 2 LU K 22 8145 9 AR AR BERG I, BRI
KIERENE, FEUE XX H N EA B X
FE (R4 B8ORS W 14 AL

L3S/ T 700 SLM Y, 8515 B A
BHRA A ST RWE L2 11.8%;: 47K
MEKT 700 SLM B, %51k B MHEAE L A °F
BIBEARMAE I FE 2T 11.2%

XFECEE 10 HhEYG B FIAR DT C I MRKE S
AICAAREI, 38 KB A v FE T DABS KRS T
PTG E M. R B S A T
(RIRIR, T SEIE RPE A = B Re s i AR U T Ui

http://www.tjjsjpt.com

Page 7 of 12



O©CoOoO~NOOOTA~,WNPE

goog

[l 378 DX (1 FURE , B ARG S 3P 3 S« IR
38 R 1 v A AT LATE — 8RR P 3 K
RGBIRKE, #ib WAMNRSR ISR S EE,
PETHRBE IR TIOR8 5 T 5 R 484 R
FHETH MG E M, PR DT C 1R mRoRE 2
ELgE UG B R —2, 7ESEIG TALIX N, 451
C MHEAR Y B PR3 KA H 2 18.5%.

ghit FIRMRLHT, AR S R X
£ 400~700 SLM B, @ik fem S pidE, g
HEB IR AT AR i K MG WO B, AT LSRR 32
SRRKIA TR RN YL Y= ES . M
7E 800~1000 SLM K, #3E— 53 i J) 6 X 455
JEE T 4 5 350K I RS P 1) 4 o R R B, I
H DL P 35 S0 B o 2 4R 4 C 7EILIX
[ A% B 6 B8 ) 5 155 T 400~700SLM .
JIT CATE 3 AN X JB] P4 32 5 48 K 00 5 1) TR 25 8 2%
J2& LAAMSE FE I S ARG RE A B N .
3.2 NIETIRIB KA

B 11 A R 1 R R & 2% ST A
KM i OB AR S SRR R R A
11 HAT AR, AT AR A 2  5 ,
TE % I 52 25 38 0 8 15 T DA 488 B ST RS K
M, Ak R e, HEEFERREK 10
FHIE, BEINGE A J5 — 5 T 2 7= A /N ROBE v i
SRR SIS — 5 T 2 A g [l X AR
e S FEE Ok i Ak K AR E I o o SR TE ST Y
2 il R G an R

&= @)

K AR T AR G IR A 28 TR 2
I, o AR IR SR ITE U E. 78
SEEG T X TR P AN TR R 25 i PRV 4 s S Al
BIER A 25738 ¥ SR SRR K M E el S
BN 6 Fros.

L . L L . . L
100 500 600 700 300 900 1000
AL/ SLM
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